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LOW PHASE-NOISE LOCAL OSCILLATOR AND METHOD 



Technical Field 

5 Embodiments of the present invention pertain to local oscillators and 

methods of generating low phase-noise reference signals, and in some 
embodiments, to radar and communication systems and controlling phase-noise in 
such systems. 

10 Background 

Low phase-noise oscillators are important in radio frequency (RF) 
communication systems and radar systems for generating reference signals. Phase- 
noise refers to the random phase instability of a signal and may result in a 

1 5 frequency variation in the signal that may appear as energy at frequencies other 
than the carrier frequency. Close-in phase-noise generally refers to phase-noise 
that appears at frequencies close to the carrier frequency (e.g., about 5 to 10 kHz). 

In the case of radar systems, close-in phase-noise may make it difficult for 
a radar receiver to detect low-Doppler radar signals or a Doppler-shifted signal 

20 close to a pulse-repetition- frequency (PRF) line, or close to a pulse-repetition 
frequency (PRF) (e.g., a rate at which radar pulses may be transmitted). 
Sometimes, the PRF spectrum lines may create areas that the radar system must 
mask out, creating detection holes. Phase-noise may make these detection holes 
wider. Also in the case of radar systems, close-in phase-noise may also make it 

25 difficult for a radar receiver to detect small target returns close to clutter, and in 
some cases, may make it difficult to detect very large target returns. In the case of 
RF communication systems, close in phase-noise may make it difficult for a 
receiver to properly down-convert and/or demodulate received signals to produce 
accurate data signals. 

30 Thus, there are general needs for an improved oscillator and method of 

generating an oscillation frequency. There are also needs for a low-phase-noise 
oscillator and method. There are also needs for a method and oscillator with 
improved cancellation of close-in phase-noise. There are also needs for a method 
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and oscillator that provides a low phase-noise reference signal suitable for radar 
and RF communication systems. There are also needs for a method and oscillator 
that help control phase-noise in a receiver. There are also needs for a radar system 
that can detect small target returns close to clutter. 

5 

Summary 

An oscillator to generate a low phase-noise reference signal at an 
oscillation frequency includes a frequency generator to generate the reference 

10 signal responsive to a control signal, and a delay element made of a high- 
temperature superconductor (HTS) material. The delay element time-delays the 
reference signal and provides a low phase-noise time-delayed reference signal 
when cooled to a cryogenic temperature. The oscillator includes a phase detector 
to generate the control signal from a phase difference between the time-delayed 

15 reference signal and a phase-shifted reference signal. The delay element may 
comprise a coplanar waveguide having a length between 500 and 1000 meters 
arranged randomly on a substrate having a diameter of between five and thirteen 
centimeters. The delay element may provide a delay ranging from five to fifteen 
microseconds. The coplanar waveguide may be comprised of an HTS material, 

20 such as Yttrium-Barium-Copper Oxide, disposed on either a Lanthanum- 
Aluminum Oxide or a Magnesium Oxide substrate. 

Brief Description of the Drawings 

25 The appended claims are directed to some of the various embodiments of 

the present invention. However, the detailed description presents a more complete 
understanding of embodiments of the present invention when considered in 
connection with the figures, wherein like reference numbers refer to similar items 
throughout the figures and: 

30 FIG. 1 is a functional block diagram of a receiver in accordance with 

embodiments of the present invention; 

FIG. 2 is a functional block diagram of an oscillator in accordance with 
embodiments of the present invention; 
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FIG. 3 illustrates a portion of a high-temperature superconductor delay 
element in accordance with embodiments of the present invention; and 

FIG. 4 is a flow chart of a low phase-noise reference frequency generating 
procedure in accordance with embodiments of the present invention. 

Detailed Description 



The following description and the drawings illustrate specific 
embodiments of the invention sufficiently to enable those skilled in the art to 

10 practice them. Other embodiments may incorporate structural, logical, electrical, 
process, and other changes. Examples merely typify possible variations. Individual 
components and functions are optional unless explicitly required, and the 
sequence of operations may vary. Portions and features of some embodiments may 
be included in or substituted for those of others. The scope of embodiments of the 

1 5 invention encompasses the full ambit of the claims and all available equivalents of 
those claims. 

In embodiments, the present invention provides an improved oscillator and 
method of generating an oscillation frequency. The present invention also 
provides a low-phase-noise oscillator and method. The present invention also 

20 provides a method and oscillator with improved cancellation of close-in phase- 
noise. The present invention also provides a method and oscillator that provides a 
low phase-noise reference signal suitable for radar and RF communication 
systems. The present invention also provides a method and oscillator that help 
control phase-noise in a receiver. The present invention also provides a radar 

25 system that can detect small target returns close to clutter. 

FIG. 1 is a block diagram of a receiver in accordance with embodiments of 
the present invention. Receiver 100 receives radio-frequency (RF) 
communications with antenna 102. RF signals received from antenna 102 may be 
down-converted to baseband signals by RF conversion unit 1 04 and provided to 

30 baseband unit 106. Baseband unit 106 may convert the baseband signals to data 
signals for use by other elements (not illustrated) of receiver 100. Oscillator 108 
provides reference signal 107 to RF conversion unit 104 and/or baseband unit 106 
for use in converting and processing signals. Reference signal 107 may be a low 
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phase-noise signal at a predetermined oscillation frequency and may serve, for 
example, as a carrier frequency and/or local-oscillator frequency for receiver 100. 
Reference signal 107 may also serve as a reference signal for one or more phase- 
locked loops of receiver 100. 
5 Many radar and communication systems may benefit from a low phase- 

noise reference because noise sidebands added by a local oscillator to signals 
inside and outside the receiver's intermediate frequency (IF) passband may 
overlap. If the IF passband is busy, each of the many signals present may add sets 
of noise sidebands. The effect is cumulative producing the appearance of a high- 

10 background noise level. 

Oscillator 108 may comprise a frequency generator to generate reference 
signal 107 at an oscillation frequency, and a delay element to time-delay the 
reference signal and provide a low phase-noise time-delayed reference signal. The 
delay element may comprise a high-temperature superconductor (HTS). Oscillator 

15 108 may also comprise a phase detector to generate a control signal from a phase 
difference between the low phase-noise time-delayed reference signal and a phase- 
shifted reference signal. The control signal may be used to control the frequency 
generator. 

Superconductors refer to materials in which their loss or resistance drops 
20 to close to zero at a temperature very close to absolute zero. High temperature 
superconductors (HTS), as used herein, refer to materials in which their loss or 
resistance drops to close to zero at a temperature which may be much greater than 
absolute zero. For HTS, the critical temperature to achieve superconductivity may 
be as high as 30 to 120 degrees Kelvin, and may be even greater for some 
25 materials. At temperatures greater than the critical temperature, HTS may exhibit 
a much greater loss/resistance. 

Low phase-noise, as used herein, may refer to a signal that may exhibit 
small deviations from oscillation frequency and may be described in dBc/Hz. The 
term, "low phase-noise", may also be relative to the particular frequency band. 
30 Some examples of low phase-noise specifications may include approximately 125 
dBc/Hz at 10 KHz for Ka-band frequencies, and approximately 135 dBc/Hz at 10 
KHz for X-band frequencies. Some examples of more recent low phase-noise 
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specifications may include approximately 130 dBc/Hz at 5 KHz for Ka-band 
frequencies, and approximately 140 dBc/Hz at 5 KHz for X-band frequencies. 

In some embodiments, the delay element may comprise a coplanar 
waveguide of a high-temperature superconductor material. The coplanar 
5 waveguide may operate as a delay line to provide the low phase-noise time-delay 
when cooled to a cryogenic temperature. In these embodiments, the coplanar 
waveguide may be arranged on the semiconductor substrate in a substantially 
random pattern to reduce and/or offset coupling between adjacent waveguide 
structures on the substrate. System 100 may also comprise cooling element 1 10 to 

10 reduce the temperature of the delay element of oscillator 108 to provide the low 
phase-noise time-delayed reference signal. Cooling element 110 may cool the 
delay element to within a cryogenic temperature range, which may help eliminate 
any noise added by the delay element. 

In some embodiments one or more control signals, such as control signals 

15 109, may be used to control the temperature of the cooling element used to cool 
the delay element of oscillator 108 to a temperature within a cryogenic 
temperature range. One or more of the control signals may also be used to control 
a phase shift provided by a phase shifter of oscillator 108. 

Receiver 100 may be suitable for use as any receiver portion of a wireless 

20 communication device. In some embodiments, receiver 100 may be a radar 

receiver and may detect Doppler-shifted signals, including radar signals with low- 
Doppler shifts close to a pulse-repetition-frequency (PRF) line, or close to a pulse- 
repetition frequency (PRF) (e.g., a rate at which radar pulses may be transmitted). 
In conventional systems, the PRF spectrum lines may create areas that the radar 

25 system must mask out, creating detection holes, and phase-noise may make these 
detection holes wider. Low-Doppler radar signals may refer to slow-moving 
targets which, in conventional systems, may be masked by phase-noise spreading 
the energy received from clutter. 

In other embodiments, receiver 100 may be part of a personal digital 

30 assistant (PDA), a laptop or portable computer with wireless communication 
capability, a web tablet, a wireless telephone, a wireless headset, a pager, an 
instant messaging device, an MP3 player, a digital camera, an access point or 
other device that may receive and/or transmit information wirelessly. In some 
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embodiments, RF conversion unit 104 may transmit and/or receive RF 
communications in accordance with specific communication standards, such as 
the standards for wireless local area network standards, although unit 104 may 
also be suitable to transmit and/or receive communications in accordance with 
5 other techniques. Antenna 102 may comprise a directional or omni-directional 
antenna, including, for example, a phased-array antenna, a dipole antenna, a 
monopole antenna, a loop antenna, a microstrip antenna or other type of antenna 
suitable for reception and/or transmission of RF signals which may be processed 
by unit 104. 

10 Although receiver 100 is illustrated as having several separate functional 

elements, one or more of the functional elements may be combined and may be 
implemented by combinations of software-configured elements, such as 
processing elements including digital signal processors (DSPs), and/or other 
hardware elements. For example, processing elements may comprise one or more 

15 microprocessors, DSPs, application specific integrated circuits (ASICs), and 

combinations of various hardware and logic circuitry for performing at least the 
functions described herein. 

FIG. 2 is a functional block diagram of an oscillator in accordance with 
embodiments of the present invention. Oscillator 200 may be suitable for use as 

20 oscillator 108 (FIG. 1) although other oscillators are also suitable. Oscillator 200 
may include frequency generator 202 to generate reference signal 204 at an 
oscillation frequency in response to control signal 206. Frequency generator 200 
may be a voltage controlled oscillator (VCO) responsive to a control voltage, and 
in some embodiments, frequency generator 202 may comprise a surface-acoustic 

25 wave (SAW) oscillator. Oscillator 200 may also comprise signal splitter 208, 

phase shifter 210, delay element 212, and phase detector 214. Signal splitter 208 
may split or divide reference signal 204 to provide the reference signal to both 
phase shifter 210 and delay element 212. Phase shifter 210 may phase shift the 
reference signal to provide a phase-shifted reference signal to phase detector 214. 

30 Delay element 212 may time delay the reference signal to provide a time-delayed 
reference signal to phase detector 214. In some embodiments, phase detector 214 
may be a mixer, although almost any phase-detection element may be suitable. 
When cooled to within a cryogenic temperature range by cooling element 216, 
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delay element 212 may provide a low phase-noise time-delayed reference signal to 
phase detector 214. Phase shifter 210 may provide a phase-shifted reference signal 
having approximately ninety-degree difference from the time-delayed signal 
provided by delay element 212. Combining a ninety-degree phase shifted 
5 reference signal with a low phase-noise delayed reference signal in phase detector 
214 helps cancel phase-noise. 

Phase detector 214 may generate the control signal based on the phase 
difference between the time-delayed reference signal provided by delay element 
212 and the phase-shifted reference signal provided by phase shifter 210. When, 

10 for example, the signals are separated in phase by ninety degrees, the phase 

detector may provide a zero-volt control signal. Oscillator 200 may also comprise 
feedback filter 218, which may be a low-pass filter, to filter the control signal and 
provide a filtered control signal to frequency generator 202. The gain, roll off and 
phase characteristics of feedback filter 218 maybe chosen and/or controlled to 

15 match frequency generator 202 to help optimize phase-noise minimization. 

In embodiments, delay element 212 may comprise a high-temperature 
superconductor (HTS) disposed a semiconductor substrate to provide a low phase- 
noise time delay when cooled to within a cryogenic temperature range. In 
embodiments, the delay element may comprise almost any microwave or high- 

20 frequency transmission line structure including, for example, coplanar waveguide, 
microstrip lines, suspended microstrip, stripline, etc. 

In some embodiments, the high-temperature superconductor may comprise 
Yttrium-Barium-Copper Oxide (YBa 2 CU307) and the substrate may comprise 
either Lanthanum- Aluminum Oxide (LaAlOa) or Magnesium Oxide (MgO), 

25 although the scope of the invention is not limited in this respect. Newer higher- 
temperature superconductors including those currently being developed and those 
which may be developed in the future are within the scope of the present 
invention. 

In embodiments, delay element 212 may time-delay the reference signal 
30 and may provide a low phase-noise time-delayed reference signal when cooled to 
a cryogenic temperature ranging between 30 and 120 degrees Kelvin, although the 
scope of the invention is not limited in this respect. Embodiments of the present 
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invention include the cooling of delay element 212 to any temperature to provide 
superconducting, including cooling to temperatures below 80 degrees Kelvin. In 
one embodiment, a high temperature superconductor of Yttrium-Barium-Copper 
Oxide may be cooled to approximately 77 degrees Kelvin. 
5 In some embodiments, the waveguide substructure (e.g., a coplanar 

waveguide) may have a length between 100 and 1000 meters, and even greater, 
and may provide the time delay ranging from between five and fifteen 
microseconds. In some embodiments, the substrate may have a diameter of 
between approximately 5 and 13 centimeters (approximately 2 to 5 inches) or 

10 greater, and may be arranged on the substrate in a substantially random pattern. In 
some embodiments, the oscillation frequency comprises a frequency between 
approximately 500 Mega-Hertz and six Giga-Hertz. 

FIG. 3 illustrates a portion of a high-temperature superconductor delay 
element in accordance with embodiments of the present invention. Portion 300 

1 5 may comprise a coplanar waveguide structure that may be suitable for use as a 
portion of delay element 212 (FIG. 2) although other delay element structures are 
also suitable. Portion 300 comprises center signal conductor 302 and ground- 
signal conductors 304. Conductors 302 and 304 maybe disposed on substrate 306 
and may have ground plane 308. The spacing between conductors 302 and 304 

20 and the thickness of substrate 306 may depend on the materials used as well as the 
frequency of operation. 

In accordance with embodiments of the present invention, conductors 302 
and 304 comprise a high-temperature superconductor, including Yttrium-Barium- 
Copper Oxide (YBa2CU307). Substrate 306 may comprise a semiconductor 

25 substrate material such as Lanthanum- Aluminum Oxide (LaAlOs) or Magnesium 
Oxide (MgO). Ground plane 308 may comprise almost any conductive material 
including HTS materials, and in some embodiments, may comprise the same HTS 
material used for conductors 302 and 304. In embodiments, portion 300 may be 
cooled by cooling element 3 10 to cool portion 300 to within a cryogenic 

30 temperature range allowing the delay element to provide a low phase-noise time- 
delayed signal for use in the oscillator. Cooling element 310 may correspond to 
cooling element 216 (FIG. 2) and/or cooling element 1 10 (FIG. 1). 
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In some embodiments, the substrate may have a diameter of between 
approximately 5 and 1 3 centimeters (approximately 2 to 5 inches) and the 
waveguide structure may be arranged on the substrate in a substantially random 
pattern. This may help reduce and/or offset coupling between adjacent lines. In 
5 these embodiments, the length of the coplanar waveguide structure may range 
from 100 to 1000 meters, and even greater depending on the size/diameter of the 
substrate available. The greater the delay, the greater the amount of phase-noise, 
especially the closer in phase-noise, that can be cancelled to achieve a lower 
phase-noise reference signal. In embodiments, the low phase-noise signal results 
10 from phase cancellation produced by detecting frequency deviations of the 

oscillator with a long delay line and feeding them back out-of-phase to the VCO 
control. 

FIG. 4 is a flow chart of a low phase-noise reference frequency generating 
procedure in accordance with embodiments of the present invention. Low phase- 

1 5 noise reference frequency generating procedure 400 may be performed by 
oscillator 200 (FIG. 2) although other oscillators and elements may perform 
procedure 400. Procedure 400 may also be used to generate a low phase-noise 
reference signal, such as signal 107 (FIG. 1), for use by elements of a receiver, 
such as receiver 100 (FIG. 1). Although the individual operations of procedure 

20 400 are illustrated and described as separate operations, one or more of the 

individual operations may be performed concurrently and nothing requires that the 
operations be performed in the order illustrated. 

In operation 402, a delay element may be cooled to within a cryogenic 
temperature range, which may range from 30 to 120 degrees Kelvin. The delay 

25 element may comprise a high-temperature superconductor which provides low- 
phase-noise when cooled to a temperature within a cryogenic temperature range. 
In operation 404, a reference signal is generated at an oscillation frequency in 
response to a control signal. Operation 404 may be performed by a VCO, and in 
some embodiments, by a SAW VCO. In operation 406, the reference signal may 

30 be phase shifted. 

In operation 408, the reference signal may be delayed by a time delay and a 
low phase-noise time-delayed reference signal is generated. Operation 408 may be 
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performed by the delay element that was cryogenically cooled in operation 402, 
which limits the addition of noise resulting from the delay element. 

In operation 410, the control signal is generated from the phase-shifted 
reference signal generated in operation 406 and the time-delayed reference signal 
5 generated in operation 408. In one embodiment, operation 406 may phase shift the 
reference signal to generate a phase-shifted reference signal having substantially a 
ninety-degree phase difference from the low phase-noise time-delayed reference 
signal generated in operation 408. Accordingly, operation 410 may provide about 
a zero-volt control signal when the time-delayed signal and phase-shifted signal 

10 have exactly a ninety-degree phase difference therebetween (e.g., when there is no 
phase-noise). Any phase-noise present may show up on the control signal. 

In operation 412, the control signal generated in operation 410 may be 
low-pass filtered to help reduce the addition of phase-noise at higher frequencies 
(e.g., the far out phase-noise) which may degrade the performance of the 

1 5 oscillator. In operation 414, the frequency generation of operation 404 may be 

controlled with the filtered control signal from operation 412 as part of a feedback 
loop to maintain the generation of a low phase-noise reference signal. 

Thus, an improved oscillator and method of generating an oscillation 
frequency have been described. A low phase-noise oscillator and method has also 

20 been described. A method and oscillator with improved cancellation of close-in 

phase-noise have also been described. A method and oscillator that provides a low 
phase-noise reference signal suitable for radar and RF communication systems 
have also been described. A method and oscillator that help control phase-noise in 
a receiver have also been described. A radar system that can detect small target 

25 returns close to clutter has also been described. 

It is emphasized that the Abstract is provided to comply with 37 C.F.R. 
Section 1.72(b) requiring an abstract that will allow the reader to ascertain the 
nature and gist of the technical disclosure. It is submitted with the understanding 
that it will not be used to limit or interpret the scope or meaning of the claims. 

30 In the foregoing detailed description, various features are occasionally 

grouped together in a single embodiment for the purpose of streamlining the 
disclosure. This method of disclosure is not to be interpreted as reflecting an 
intention that the claimed embodiments of the subject matter require more features 
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that are expressly recited in each claim. Rather, as the following claims reflect, 
inventive subject matter lies in less than all features of a single disclosed 
embodiment. Thus the following claims are hereby incorporated into the detailed 
description, with each claim standing on its own as a separate preferred 
5 embodiment. 
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